Destabilizing effects of replacing a surface lysine of cytochrome c with aromatic amino acids: implications for the denatured state.
A series of mutations at the highly solvent-exposed lysine 73 of iso-1-cytochrome c have been prepared by site-directed mutagenesis. These mutations were designed to probe denatured-state effects on the unfolding equilibrium of this protein. The hydrophilic amino acid Lys was replaced with the hydrophobic amino acids Met, Tyr, Phe, and Trp. The idea was to induce stabilizing hydrophobic interactions in the unfolded state, while having little effect on the folded-state energy due to the high solvent exposure of this site. Fourier transform infrared spectral analyses indicate that none of these mutations significantly affect the native fold of the protein. The stability of each protein to guanidine hydrochloride denaturation was monitored at 25 degrees C by circular dichroism spectroscopy. All four hydrophobic mutants decreased the value of delta Go uH2O, the free energy of unfolding of the protein in the absence of denaturant, by 1.0-1.5 kcal/mol. The delta Go uH2O values for these proteins correlate linearly (correlation coefficient of 0.98) with the hydrophobicity of the amino acid at position 73 of the sequence. These data are consistent with the idea that the position-73 mutants are more buried in the denatured state than in the native state, suggestive of a compact denatured state where such interactions would be possible.